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This paper  presents  the ﬁrst  bioarchaeological  evidence  of  probable  scurvy  in Southeast  Asia from  a
six-year-old  child  at the  historic-era  site of  Phnom  Khnang  Peung  (15–17th  centuries  A.D.)  in  the  Car-
damom  Mountains,  Cambodia.  Examination  of skeletal  material  shows  evidence  consistent  with  scurvy
–  speciﬁcally,  abnormal  porosity  on the  greater  wings  of  the  sphenoid  bone  and  hard  palate,  and  vascular
impressions  on  the  ectocranial  surface  of the  frontal  bone  and  maxillary  alveolar  bone.  In  addition,  this
individual  has  evidence  of cribra  orbitalia  indicative  of  anemia.  Although  a nutritionally  linked  etiologynemia
ardamom Mountains
ambodia
is  the most  common  cause  of scurvy,  a number  of other  factors  inﬂuencing  ascorbic  acid  levels  need  to
be  considered  in  an  environment  with sufﬁcient  vitamin  C  potentially  available  in the  diet.  Assessing  the
environmental  evidence,  the possibility  of  a number  of interrelated  factors contributing  to the  develop-
ment  of scurvy  in this  individual  seems  the most  plausible  explanation.  Factors  affecting  vitamin  C levels
may  have  included  social  aspects  of food  allocation  or choice  of food,  genetic  predisposition,  anemia,
alab
 201pathogens,  and  nutrient  m
©
. Introduction
There is a growing body of bioarchaeological literature on scurvy
vitamin C deﬁciency) (e.g., Brickley and Ives, 2006; Brown and
rtner, 2011; Buckley, 2000; Carli-Thiele, 1995; Ferreira, 2002;
eber and Murphy, 2012; Lewis, 2010; Maat, 1982, 2004; Mays,
008; Melikian and Waldron, 2003; Ortner, 1984; Ortner et al.,
999, 2001, 2007; Ortner and Ericksen, 1997). However, few
ontributions to this research consider individuals from tropical
nvironments, excepting Buckley (2000), Ortner et al. (2001), Saul
1972) and White et al. (2006). There are no bioarchaeological
eports of scurvy from Asia. Here we present the ﬁrst case of prob-
ble scurvy from tropical Asia, a historical period interment from
he site of Phnom Khnang Peung, Cambodia.
Although a diet consistently deﬁcient in vitamin C is the most
ommon cause of scurvy (Fain, 2005), there are a host of other
ariables that can lead to, or play a role in its development
Delanghe et al., 2007). Causes of scurvy can be broadly grouped
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into four variables: reduced intake of vitamin C, increased require-
ments for vitamin C, malabsorption of vitamin C, and genetic
predisposition to lowered vitamin C levels (Table 1). Past bioar-
chaeological research has emphasized single-variable explanations
of scurvy rather than assessing the many potentially interrelated
factors that may  play a role in scurvy development within speciﬁc
environmental contexts.
This paper argues for a differential diagnosis supporting the
identiﬁcation of scurvy in this case study of a child from historic-era
Cambodia. Explanations are provided for the presence of scurvy in
this tropical environment, which consider multiple, and often inter-
related non-dietary factors that can affect ascorbic acid levels. The
importance of considering a non-dietary etiology is thus illustrated.
1.1. Vitamin C and scurvy
Ascorbic acid is required for collagen synthesis and is an impor-
tant chemical in a number of other biochemical pathways within
the human body (Akikusa et al., 2003; Levine et al., 1986). Unlike
most other animals, humans are unable to synthesize ascorbic acid
endogenously and must ingest it on a regular basis in the form
of dietary vitamin C (Anthony, 2011; Olmedo et al., 2006). The
Open access under CC BY-NC-ND license.most vitamin C rich foods are fruits (especially citrus) and veg-
etables. The average somatic stores of ascorbic acid lies between
1500 mg  and 2500 mg,  with normal biochemical functions requir-
ing around 45–60 mg  per day (Olmedo et al., 2006; Popovich et al.,
icense.
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Table 1
Factors affecting ascorbic acid levels in the human body.
Reduced intake (Popovich et al., 2009)
•  Low socioeconomic status.
•  Picky eaters.
• Food fads and restrictive diets.
• Poor dentition making chewing difﬁcult.
•  Eating disorders.
• Mental disabilities.
• Neglect of infants and children.
• Cognitive disorders.
• Religious practices.
• Infants breast fed by mothers with inadequate vitamin C.
Increased requirement
• Major trauma (Berger, 2009; Long et al., 2003).
• Burns (Berger, 2009; Naidu, 2003).
• Critical illness (Berger, 2009; Luo et al., 2008; Schorah et al., 1996).
•  Inﬂammatory conditions (Holley et al., 2011).
•  Anemia (Clark et al., 1992; Oefﬁnger, 1993).
•  Diabetes (Jacob, 1999; Sauberlich, 1994).
•  Infection e.g. Helicobacter pylori (Lahner et al., 2012; Long et al., 2003;
Naidu, 2003), Plasmodium falciparum (Egwunyenga et al., 2004; Isamah
and Asagba, 2003; Raza et al., 2010).
Malabsorption
• Newborns who have not absorbed enough vitamin C through the fetal
tissues (Popovich et al., 2009).
•  Cancer patients with nausea and diarrhea (Popovich et al., 2009).
•  Gastrointestinal diseases e.g. Whipples disease, Celiacs’s disease,
Crohn’s disease (Fain, 2005; Popovich et al., 2009).
Genetic predisposition
• Individuals with the haptoglobin Hp2-2 polymorphism have lower
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the Jar 6 child provided dates between 1498 and 1640 cal years A.D.levels of ascorbic acid (Delanghe et al., 2007; Langlois and Delanghe, 1996;
Langlois et al., 1997).
009). Without sufﬁcient amounts of vitamin C in the diet, ascorbic
cid levels will steadily decrease, and if stores drop below 350 mg,
curvy develops (Olmedo et al., 2006; Popovich et al., 2009). Com-
on  symptoms of scurvy include petechiae (small red spots reﬂect-
ng subcutaneous bleeding produced from ruptured blood vessels)
Fig. 1. Location of Phnom Khnang Peung of Paleopathology 5 (2014) 63–71
in the trunk and limbs, bruising, inﬂamed and bleeding gums,
generalized bleeding (gastrointestinal, gynecological, cerebral, and
large postcranial subperiosteal hemorrhage), fatigue, weakness,
weight loss, irritability, and depression (Fain, 2005; Popovich et al.,
2009; Russell, 2005). Scurvy takes, at a minimum, between 30 and
60 days to occur (Anthony, 2011; Fain, 2005; Popovich et al., 2009),
and can be quickly reversed with the administration of high doses
of vitamin C (Glouberman, 2009; Larralde et al., 2007).
2. Materials and methods
Phnom Khnang Peung (glossed in Khmer as ‘knob tip of moun-
tain’) is one of several jar and cofﬁn cave burial sites currently under
archaeological investigation in the Cardamom Mountains (Chuor
Phnom Krâvanh), southwest Cambodia, dated to between the 15th
and 17th centuries (Beavan et al., 2012). The UTM coordinates of the
site are 48P 0353517 E; 1279416, ±5 m (base datum WGRS60), and
sits at 633 ± 5 m ASL (Fig. 1). The immediate area consists of dense
tropical forest populated by potential game animals such as wild
pigs, elephants, lizards and snakes, and a bountiful array of wild
edible plants and fruits. A seasonal stream is situated some 500 m
southwest of the site. The site itself is made up of a rock overhang
and ledge aligned roughly north to south, and is 10.8 m long and
3.09 m at the deepest point of the irregular, natural rock ledge. The
ledge held a total of 54 large (50–53 cm high) ceramic jars from the
Singburi/Maenam Noi kilns in Thailand (Brown, 2004; Grave and
Maccheroni, 2009; Shaw, 2009). In January 2012 preliminary ﬁeld-
work, directed by NB and co-directed by SH was carried out. The
jars are all on the surface of a small amount of substrate within the
cave site. SH examined remains from 20 burial jars, which included
both single and multiple burials. An adult and a child were recov-
ered from Jar 6. Radiocarbon dating of a sample of cranial bone from(Beavan et al., unpublished data, D-AMS 1219-134).
The child in Jar 6 is represented by a complete frontal bone,
sphenoid bone, and the facial bones. No postcranial bones were
, Cardamom Mountains, Cambodia.
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resent (Fig. 2). Age was estimated at 6 ± 2 years using dental
ruption standards (Buikstra and Ubelaker, 1994). Because all data
ollection had to be conducted on site, tooth formation data could
ot be collected as radiographs could not be taken. No attempt
as made to estimate sex. Termite damage was present, result-
ng in some postmortem destruction. This was distinguished from
keletal pathology by the partial destruction of cortical bone and
mooth surfaces on the bone left by the termites (Fig. 3). Ter-
ite activity resulted in characteristic meandering tracks that are
pproximately 1 cm wide where at least part of the cortical bone has
een removed. The affected surfaces mimic  a surface that appears
mooth as though remodeled in life, but has an absence of bony
eaction, and a slight undulating surface from termite burrowing
nd consumption of the bone. In places, this damage completely
erforates the bone. Such bone destruction has been described in
ig. 3. Inferior view of the palate showing damage caused by termites and abnor-
al  porosity. Note: Red arrows indicate postmortem termite damage. Blue arrows
ndicate pathological porosity.Fig. 4. Ectocranial surface of the frontal bone displaying capillary lytic lesion.
the bioarchaeological literature (e.g., Huchet et al., 2011). Much of
the endocranial bone surface was  unobservable because of termite
damage.
The skeletal remains were examined macroscopically for abnor-
malities. Cribra orbitalia was  recorded following Stuart-Macadam
(1991). These lesions were differentiated from newly formed bone
(which can appear porous) by the depth of the pitting; such new
bone does not usually penetrate the entire cortex, unlike cribra
orbitalia and porotic hyperostosis caused by marrow hyperplasia
(Ortner et al., 2001). Abnormal porosity was  identiﬁed as cortical
penetration that measured 1 mm or less in diameter, as well as the
presence of reactive new bone formation on the outer surface of
normal bone (Ortner and Ericksen, 1997).
3. Results
Skeletal abnormalities included porosity of the cranial bones
and evidence of vascular impressions. There were two  discrete
areas of vascular impressions on the external surface of the frontal
bone (Fig. 4) and one on the maxillary alveolar bone, as well as new
bone formation on the right alveolar process (Fig. 5). These lesions
involved multiple contiguous small channels, which connect to
blood vessel channel impressions. There was  abnormal porosity on
both of the greater wings of the sphenoid bone (Fig. 6) and the hard
palate (Fig. 3). Cribra orbitalia was  present bilaterally (Fig. 7): in
the left orbital roof this was  graded as a ﬁve in Stuart-Macadam’s
(1991) system (outgrowth in trabecular form from the outer table
surface), and the right orbital roof was  scored as a four (foramina
linked into a trabecular structure).
Fig. 5. Alveolar process of right maxilla showing capillary lytic lesion.
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4.1.6. AnemiaFig. 6. Greater wing of the sphenoid showing abnormal porosity.
. Discussion
.1. Differential diagnosis
The presence of abnormal porosity in the cranium can be
aused by a number of conditions, including osteomyelitis, rickets,
curvy, anemia, and leukemia (Brickley and Ives, 2008). Although
onsideration of these conditions would be more complete if
ostcranial elements were present, the child in Jar 6 is repre-
ented only by a partial cranium. The most likely differential
iagnoses are osteomyelitis, rickets, leukemia, hypertrophic (pul-
onary) osteoarthropathy, trauma, anemia, and scurvy.
.1.1. Osteomyelitis
Osteomyelitis is a term that is used to describe any inﬂammatory
esponse of the bone to a purulent bacterial infection (Waldron,
009). This infection is characterized by pus production that may
ause inﬂammation of the periosteal envelope followed by bone
eposition. Pus drainage canals, or cloacae, frequently form to
llow pus to ﬂow from the medullary cavity to the outside of the
one through sinuses (Waldron, 2009). At the same time, there is
ften formation of new bone around the shaft of the infected bone
involucrum) and resultant areas of necrosis of the cortex with
ieces of dead bone becoming detached from the cortex to form
equestra within the medullary cavity (Waldron, 2009). In chil-
ren, osteomyelytis is rarely found in the skull (Aufderheide and
odriguez-Martin, 1998; Ortner, 2003), as long bone metaphyses
re most commonly affected by entry of pyogenic bacteria via the
edullary cavity into the metaphyseal vascular system (Resnick
nd Niwayama, 1995). The lytic porotic and vascular-like impres-
ion lesions found in the Jar 6 child do not resemble osteomyelitic
Fig. 7. (a) Cribra orbitalia and marrow hyperplasia of th of Paleopathology 5 (2014) 63–71
cloacae in lesion size and also lack involucra, sequestra, or other
peripheral characteristic inﬂammatory bone changes.
4.1.2. Rickets
Rickets, or vitamin D deﬁciency, is characterized by deﬁcient
osteoid formation that can result in bone porosity and deformation.
The most characteristic changes are widening and cupping of the
metaphyses and deformation occurring in the cartilaginous growth
plate leading to changes in the gross bone structure (Pettifor, 2003).
Rickets can result in new layers of spiculated, irregular, porous bone
during healing when the osteoid is mineralized (Brickley and Ives,
2008). The porous new bone formation on the child from burial Jar
6 lacks this spiculated, irregular morphology.
4.1.3. Leukemia
Leukemia, or cancers of hematopoietic cells, commonly affects
the skeleton, especially in the majority of childhood cases of acute
leukemia. Such diseases are associated with osteolytic lesions that
lack marginal inﬂammation, although subperiosteal new bone for-
mation can also occur in acute childhood leukemia (Ortner, 2003).
Osteolytic lesions in leukemia are far larger than the porosity
observed for the child from burial Jar 6. Also, the location of the
lesions here are inconsistent with leukemia (Ortner, 2003), espe-
cially as the greater wing of the sphenoid bone contains virtually
no hematopoietic marrow, even in childhood.
4.1.4. Hypertrophic (pulmonary) osteoarthropathy
Hypertrophic (pulmonary) osteoarthropathy (HOA, also known
as Marie-Bamberger syndrome) is often associated with various
types of cancer, usually of the lung (Resnick and Niwayama, 1995:
4428). Hypertrophic (pulmonary) osteoarthropathy is character-
ized by symmetrical diaphyseal periostitis affecting the long bones
and less often the tubular bones of the hands and feet. This disease
affects children less commonly than adults, and cranial involve-
ment in HOA is extremely rare (Ortner, 2003: 354, cf. Ali et al.,
1980). It is highly unlikely that this case represents HOA, but a com-
plete differential diagnosis of HOA is not possible due to the lack of
postcranial elements.
4.1.5. Trauma
Skull fractures and hemorrhage are not uncommon in child
abuse cases (Buckley and Whittle, 2008). There is no evidence
of fracture or callus associated with the lytic lesions on the
frontal bone, which are indicative of trauma-induced hemorrhagic
response.The skeletal response to anemia occurs from the expansion of
hematopoietic marrow via hypertrophy, which compensates for
ineffective erythropoiesis or hemolysis (Tayles, 1996; Waldron,
e left orbit. (b) Cribra orbitalia of the right orbit.
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009). The observed cribra orbitalia lesions were differentiated
rom porosity of the orbits caused by scurvy through the identi-
cation of marrow hyperplasia in the left orbit (Fig. 7a.), following
rtner et al.’s (1999) diagnostic criteria. Cribra orbitalia is an indica-
or of anemia, which can have multiple etiologies (Mensforth et al.,
978; Mittler and Vangerven, 1994; Ortner, 2003; (Walker et al.,
009).
.1.7. Scurvy
The primary pathological manifestation of scurvy is hemorrhage
rom ruptured blood vessels, which have a weakened structure
rom impaired collagen formation (Brickley and Ives, 2008). Ortner
t al. (1999, 2001) and Ortner and Ericksen (1997) have described
he pathological features of scurvy in skeletal remains as includ-
ng new bone formation and abnormal porosity on speciﬁc areas
f the skull. These criteria have been widely accepted and elabo-
ated in other bioarchaeological investigations of scurvy (Brickley
nd Ives, 2006; Brown and Ortner, 2011; Geber and Murphy, 2012;
ays, 2008). Abnormal porosity on the external surfaces of the
reater wings of the sphenoid bone is considered virtually pathog-
omonic of scurvy (Ortner et al., 1999, 2001; Ortner and Ericksen,
997). Although the greater wings of the sphenoid bone will dis-
lay a range of normal vascular foramina visible on its cortical
urface, these tend to be large in size and few in number, and
hey penetrate the cortex at an oblique angle (Mays, 2008). Mays
2008) distinguishes such foramina from abnormal porosity, which
nvolve foramina smaller in size and greater in number that enter
he cortical bone perpendicular to the surface. Abnormal poros-
ty in the skeleton is the result of chronic bleeding at sites where
lood vessels are close to the surface of the skin and muscle activity
auses stress (Jaffe, 1972). Normal muscle contraction can trig-
er hemorrhage and chronic bleeding, inducing an inﬂammatory
esponse followed by vascular proliferation. The latter process can
roduce increased porosity in the cortical bone (Ortner et al., 1999,
001; Ortner and Ericksen, 1997). Other bony changes associated
ith vitamin C deﬁciency may  include abnormal porosity or new
one formation on the ectocranial vault, orbital roofs, lateral orbits,
nfratemporal (posterior) surface of the maxilla, internal surface of
he zygomatic bone, infraorbital foramen, hard palate, medial sur-
ace of the coronoid processes of the mandible, and the alveolar
rocesses and sockets of the maxilla and mandible (Brickley and
ves, 2006; Ortner et al., 1999, 2001; Ortner and Ericksen, 1997).
Vascular impressions on the ectocranial surfaces of the occipi-
al, frontal, and parietal bones are consistent with scurvy. Brown
nd Ortner (2011) and Klaus (in this issue) have noted branch-
ike patterns of such lesions, which they argue are formed when
ctocranial vasculature ruptures and leads to hemorrhage, which
rompts new vessel formation and subsequent surface porosity.
ays (2008) found similar vascular impressions on the endocranial
urface of the skull, which he argues are a sign of vitamin C deﬁ-
iency, citing clinical cases of subdural hemorrhage occurring with
curvy (Clemetson, 2003; Miura et al., 1982). However, these vas-
ular impressions can have other etiologies, such as inﬂammatory
eningitis or tuberculosis (Lewis, 2004).
The Jar 6 child shows patterns of bony changes consistent with
curvy. Abnormal porosity was present on the greater wings of the
phenoid, as well as on the hard palate. These are the same as pre-
ious pathological descriptions of very small porous loci entering
he cortical bone perpendicular to the surface (Mays, 2008). There
ere two discrete areas of vascular impressions on the ectocra-
ial surface of the frontal bone. These involve the same appearance
s the vascular impressions described and attributed to scurvy by
rown and Ortner (2011). Similar in appearance, but warranting
urther discussion due to its location are the vascular alterations
n the maxillary alveolus. Scurvy patients commonly suffer gingival
emorrhage (Fain, 2005; Popovich et al., 2009; Touyz, 1997), likely of Paleopathology 5 (2014) 63–71 67
triggering the same responses seen in the cranial vault involving
increased vascular proliferation and reactive new bone formation
causing the impressions on the alveolar bone. There was also new
bone formation on the alveolus, which have been associated with
scurvy (Ortner et al., 2001). Similar pathological bone, although
lacking the vascular appearance, has been characterized as a reac-
tion to gums bleeding during mastication-induced trauma to blood
vessels or during tooth eruption (Brickley and Ives, 2006; Ortner
et al., 2001; Ortner and Ericksen, 1997).
Incomplete preservation limited the observation of lesions at
other sites of the skeleton that have been linked to scurvy. For
example, scorbutic lesions are often present in the metaphyses of
long bones and on the infraspinous and supraspinous fossae of the
scapulae (Ortner et al., 1999, 2001; Ortner and Ericksen, 1997).
Based on the lesions of the Jar 6 child and this differential diag-
nosis, it is most likely that the individual was suffering from scurvy.
Given that there is evidence for sufﬁcient dietary sources of vitamin
C in the region (Martin, 1971), a review of the relevant literature
was undertaken in an effort to explain the presence of probable
scurvy in this child.
4.2. Historical evidence of scurvy in Southeast Asia
Historical evidence for scurvy in greater Asia has been provided
by Torck (2005a,b), whose examination of Chinese ship manifests
and other historical documents indicate this nutritional deﬁciency
was being treated preventatively on sea voyages during the Angko-
rian period. There is, however, very little evidence for scurvy in
Southeast Asia until more recent times. The ﬁrst clinical evidence
from Thailand was  presented in 1950 (Tuchinda, 1950), followed
only by two  published cases over the next 33 years (Tandechanurat
et al., 1981; Tienboon et al., 1983). There is very little other historical
evidence of scurvy in other Southeast Asian countries.
4.3. Insufﬁcient intake of vitamin C
As noted, the most common cause of scurvy is insufﬁcient
dietary intake of ascorbic acid, and accordingly, most cases of scurvy
in archaeologically recovered remains are attributed to an inade-
quate diet. Many of the reasons for a reduced intake of vitamin C
are not visible in the bioarchaeological record (e.g., picky eaters,
food fads, cognitive disorders, or neglect). However, this does not
mean they should be excluded from consideration. For instance,
even in modern Japan where foods high in vitamin C are readily
available, there was a recent case of neglect causing scurvy and
death (Mimasaka et al., 2000). Other causes of low vitamin C intake
can be readily identiﬁed in the skeleton, such as the possibility
of poor dental health limiting the intake of certain foods such as
ﬁbrous vegetables. Because of the relatively good dental health of
the child from Jar 6 aside from possible hemorrhagic responses in
the gingiva, poor health of the masticatory apparatus appears not
to have limited food intake.
Low social status limiting access to foods high in vitamin C has
been used to explain the presence of scurvy (Brickley and Ives,
2006; van der Merwe et al., 2010), and this might be a factor for the
diet of the Jar 6 child. Additional social factors could include cultural
practices limiting the types of foods consumed. Such restrictive cul-
tural practices have been documented clinically to have an effect
on vitamin C levels when they inhibit the ingestion of foods high in
ascorbic acid (Burk and Molodow, 2007). Lewis (2010) proposed a
cultural dietary explanation for scurvy prevalence among Romano-
British infant and child burials from Dorchester, England, where
scurvy was present in a Christian section of the cemetery but absent
in the Pagan burial plots.
Ascorbic acid can be destroyed during cooking (Burk and
Molodow, 2007; Evans, 1983). Maat’s (2004) investigation of
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curvy among 17th–18th century Dutch whalers showed that 78%
n = 39/50) suffered from scurvy, despite dietary supplementation
ith scurvy grass, brooklime, and horseradish – each of which, in
heir natural forms, have high levels of vitamin C. However, these
oods were either dried, cooked, or distilled, reducing ascorbic acid
ontent (Maat, 2004). Similarly, Ortner et al. (2001) noted a high fre-
uency of scurvy in a sub-tropical Native American sample when
ompared to those from non-tropical ecologies. Analyzing late pre-
istoric and early historic sites, they found a 38% (n = 6/16) scurvy
revalence in infants and children from Cape Canaveral Peninsula,
lorida (a sub-tropical environment) and other sites in Florida, com-
ared with 6% in the mid-Atlantic United States, 0% in Great Plains,
nd 2% in Southwest United States. They suggest that scurvy indeed
ccurred in this ecological zone despite ample access to vitamin
 rich foods, due to destruction of vitamin C through cooking or
n overreliance on vitamin C-deﬁcient foods such as corn (Ortner
t al., 2001). Mays (2008) also attributed a case of scurvy in a two-
ear-old-child from Bronze Age Britain to cooking practices, which
ssumes either the cessation of breast feeding or the absence of
itamin C in breast milk (Mays, 2008). Breast milk normally has
igh levels of vitamin C. However, if the mother is undernourished
n vitamin C, her breastfed child can develop scurvy (Tienboon et al.,
983).
A  restrictive diet caused by an inhospitable climate has often
een cited as a cause of scurvy (Brown and Ortner, 2011; Salis
t al., 2005; Schultz et al., 2007). Studies of people living in either
old climates (Brown and Ortner, 2011) or mountain environ-
ents (Salis et al., 2005; Schultz et al., 2007) indicated that such
ettings restricted the procurement of fresh fruit and vegetables
nly at speciﬁc times of the year, if at all (but for a contrasting
egional perspective, see Mays, in this issue). As such, the preva-
ence of scurvy was relatively high; 27.9% (n = 12/43) from the Puy
t. Pierre church in the western Alps of France (Salis et al., 2005) and
2.3% (n = 84/260) from the Grasshopper Pueblo site in the North
merica Southwest (Schultz et al., 2007). Such an argument can-
ot apply to our case from the Cardamom Mountains, where the
ropical environment allowed year-round procurement of green
eafy vegetables and fruits high in vitamin C. Martin’s (1971)
thnographic survey of the plants used by Cardamom Mountain
wellers in the 1960s included vitamin C-rich species such as Carica
apaya (papaya), Annona reticulata (custard apple), Zingiber ofﬁc-
nale (ginger), Psidium guajava (guava), Citrus aurantifolia (lime),
itrus sinensis (orange), Dioscorea bulbifera (air potato), Litchi sinen-
is (lychee), Brassica oleracea (kale) and Mangifera indica (mango).
.4. Increased requirements for vitamin C
A number of variables can increase an individual’s metabolic
equirement for vitamin C, but these have generally been over-
ooked in bioarchaeological studies. Several medical conditions
nvolve higher than normal metabolism of vitamin C, including
ajor trauma, burns, severe critical illness, pancreatitis, ane-
ia, rheumatoid arthritis, diabetes, and infections (Berger, 2009;
onham et al., 1999; Holley et al., 2011; Jacob, 1999; Long et al.,
003; Luo et al., 2008; Na et al., 2006; Naidu, 2003; Sauberlich,
994; Schorah et al., 1996). In some cases, intensive care patients
an develop scurvy even with vitamin supplementation (Perret
t al., 2007). Most such conditions cannot be assessed due to the
imited effect they would have had on skeletal tissue and the poor
reservation of the child from Jar 6.
Infections have been shown to increase metabolic demand for
itamin C. For example, a signiﬁcant link between Helicobacter
ylori infection and lowered levels of vitamin C has been found
Lahner et al., 2012). H. pylori is a Gram-negative bacteria that
as infected more than half of the world’s population (Lahner
t al., 2012). Perhaps more pertinent to our case study is the of Paleopathology 5 (2014) 63–71
link in children between moderate to high levels of Plasmodium
falciparum infection and decreased ascorbic acid levels when
compared to control groups (Egwunyenga et al., 2004; Isamah and
Asagba, 2003; Raza et al., 2010). This is of particular relevance as
P. falciparum malaria is endemic in the Cardamom Mountains and
many other areas of Southeast Asia (Incardona et al., 2007).
The presence of lesions suggestive of anemia signals the poten-
tial synergism of at least two conditions within this child. The
common underlying mechanism for anemia is usually a failure
to produce sufﬁcient quantities of red blood cells (van Hensbroek
et al., 2011). There are many etiologies of anemia including malaria,
bacteremia, hookworm, vitamin A deﬁciency, vitamin B deﬁciency,
iron deﬁciency, and folate deﬁciency.
The status of iron, folic acid, and ascorbic acid in the body are
linked, meaning that anemia is common in people with scurvy and
vice versa (Clark et al., 1992; Cohen and Paeglow, 2001; Fairgrieve
and Molto, 2000; Oefﬁnger, 1993). For instance, iron deﬁciency can
cause folic acid deﬁciency (Herbig and Stover, 2002; Velez et al.,
1966), and may lead vitamin C deﬁciencies (Fairgrieve and Molto,
2000). Excess iron results in iron-driven oxidative stress. As vitamin
C is an antioxidant used during such stress responses, it can lead to
iron-mediated scurvy (Sadrzadeh and Eaton, 1988; Wapnick et al.,
1968). Iron overload can be caused by idiopathic hemochromatosis
or anemia (Wapnick et al., 1968). Thus, it is possible that anemia
caused an ascorbic acid deﬁciency in the child from Phnom Khnang
Peung.
As noted, there is a strong relationship between anemia and
malaria, and in those regions where P. falciparum malaria is
endemic, it is a common cause of anemia (Biemba et al., 2000;
Ekvall et al., 2001; Newton et al., 1997; van Hensbroek et al., 2011).
Malarial infection is thought to cause anemia through both an
increase in hemolysis and inadequate production of red blood cells
(Abdalla and Pasvol, 2004; Pradhan, 2009). Such an outcome may
occur in cases irrespective of parasitemia (Wickramasinghe et al.,
1982). Therefore, it is not inconceivable that scurvy and anemia
could have been caused by P. falciparum infection, with vitamin
C deﬁciency stemming from either the infection itself or resultant
anemia. There is also evidence that other parasite infections, partic-
ularly hookworm, can lead to anemia and so could potentially have
played a role in our case study (Calis et al., 2007, 2008; Stoltzfus
et al., 1997; van Hensbroek et al., 2011).
4.5. Malabsorption of vitamin C
Absorption of vitamin C occurs in the small intestine, and a
number of gastrointestinal diseases may  cause its malabsorption.
Malabsorption can result in the depletion of ascorbic acid lev-
els within one’s body despite adequate vitamin C dietary intake,
although such conditions are rare. Malabsorption syndromes occur
in Whipples disease, Celiacs’s disease, Crohn’s disease, and cancer
patients suffering from nausea and diarrhea (Fain, 2005; Linaker,
1979; Popovich et al., 2009). Perhaps even more rare, is the possi-
bility of newborns being vitamin C deﬁcient at the time of birth. If
the mother has insufﬁcient ascorbic acid levels, the fetus will not
be able to absorb vitamin C through the placental interface and
in some cases neonates can be born vitamin C deﬁcient (Popovich
et al., 2009; Tienboon et al., 1983).
Various infections may  lead to malabsorption of ascorbic acid.
Buckley (2000) considers this an explanation for the presence
of scurvy in the skeletal remains of pre-European inhabitants of
Tonga. She proposes a synergistic relationship between infection
(weanling diarrhea and yaws) and metabolic disease (scurvy) caus-
ing pathological lesions within this tropical environment, which
was characterized by a wide range of endemic infectious dis-
eases (Buckley, 2000, 503). Such an explanation of infection-caused
malabsorption, leading to scurvy seems appropriate in a tropical
urnal
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Buckley, H., Whittle, K., 2008. Identifying child abuse in skeletonised subadult
remains. In: Oxenham, M.  (Ed.), Forensic Approaches to Death, Disaster andS.E. Halcrow et al. / International Jo
nvironment, such as the Cardamom Mountains, in which both
ccess to foods high in vitamin C was readily available and pathogen
oad was likely high.
.6. Genetic predisposition to low levels of vitamin C
Genetic factors can also play a role in regulating levels of ascor-
ic acid, and could conceivably contribute to lowering ascorbic acid
evels in the case described here. A genetic attribute known to affect
itamin C levels is the haptoglobin polymorphism. There are two
ifferent haptoglobin alleles: Hp1 and Hp2. These result in three
henotypic expressions: Hp 1-1, Hp 1-2, and Hp 2-2 (Dobryszycka,
997; Na et al., 2006). Hp 2-2 polymorphism is associated with
bnormal vitamin C metabolism (lowered plasma ascorbate). Peo-
le with this polymorphism are also less efﬁcient in removing free
emoglobin from the plasma, which can lead to iron-mediated vita-
in  C depletion (Langlois et al., 1997). An Hp 2-2 polymorphism can
ontribute to vitamin C deﬁciency through two different pathways;
he polymorphism itself may  cause lowered ascorbic acid levels, or
he polymorphism may  contribute to the development of anemia,
hich in turn led to scurvy either through folic acid depletion or
ron overload.
The Hp 2-2 phenotype has been associated with signiﬁcantly
owered ascorbic acid levels (Delanghe et al., 2007, 2011; Langlois
nd Delanghe, 1996; Langlois et al., 1997; Na et al., 2006), increased
erum iron levels in males (Langlois et al., 2000; van Vlierberghe
t al., 2001), and an increased risk of developing anemia in malaria
ndemic regions (Atkinson et al., 2006). The role that the Hp 2-2
henotype may  play in respect to malaria is unclear. While some
esearch suggests it may  provide protection from severe malaria
Atkinson et al., 2007), others studies indicate that it provides no
rotection, or may  even increase the risk of malaria (Aucan et al.,
002; Bienzle et al., 2005).
The haptoglobin polymorphism is very common within South-
ast Asia, and the Hp2 allele is believed to have originated in South
sia (Langlois and Delanghe, 1996). Delanghe et al. (2007) state that
outheast Asians are more likely to have the Hp 2-2 phenotype than
ny other population, with only 25% of individuals having the Hp1
llele. Conservative estimates suggest that 55% of the Thai have
he Hp 2-2 phenotype (Blackwell and Thephusdin, 1963: n = 682;
himada et al., 2007: n = 200). There is also skeletal evidence of
enetic anemia in Southeast Asia (Tayles, 1996), which may  have
ontributed to expression of cribra orbitalia and, by distant exten-
ion, to the scurvy seen in the child from Jar 6.
. Conclusion
This paper presented the ﬁrst bioarchaeological evidence for
robable vitamin C deﬁciency from Southeast Asia. During the
istoric period the Cardamom Mountains region of Cambodia had
mple sources of vitamin C, suggesting that factors other than diet
ay  have played a role in the development of scurvy in the remains
tudied here. We  have considered a number of possible etiological
actors, recognizing that they may  have interacted. Evidence
or anemia suggests that vitamin C deﬁciency could have been
inked to infections such as P. falciparum malaria and hookworm,
hich were endemic in the area. These, either by themselves or in
onjunction with an insufﬁcient ascorbic acid body pool through
ocial factors affecting food allocation or choice, genetic predis-
osition (the haptoglobin polymorphism), the cooking of foods
liminating vitamin C, dietary induced anemia, or malabsorption
erhaps led to the development of scurvy. This inference moves
way from the traditional bioarchaeological emphasis upon diet.
he importance of this research includes both providing the ﬁrst
keletal evidence for scurvy in Southeast Asia lies and encouraging of Paleopathology 5 (2014) 63–71 69
a more comprehensive consideration of factors affecting ascorbic
acid levels in the past.
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